Introduction
This research is made in order to find whether the radar echoes belong to shower type or to thunderstorm type. For this purpose, the structures of convective clouds within the same air mass in the summers of 1956 and 1958-----clouds of Cb type -----were investigated by means of the radar at the Meteorological Research Institute. The process of electrification in the clouds is not included in the present paper.
The investigations of clouds and precipitations are of practical use. With the progress of radar technique, the growth conditions of convective clouds and the precipitation mechanism have been subjected to investigations. These problems have to be solved for the practical purpose of preventing meteorological calamities, that is, damages by lightning and hailstorm, and concentrated precipitations.
The radar analyses of shower and thunderstorm are better than the usual meteorological analyses.
The atmospheric process in the large space is directly shown on the radar indicator.
This fundamental advantage is taken up by the meteorologists and the analyses of showers and thunderstorms by the radar method are applied to the cloud physics.
But all the problems of cloud physics are not always solved by the radar method.
The power received by radar are caused by such hydrometeorological targets as large condensed water drops in the clouds and precipitations.
It is not completely possible to investigate the microstructures of clouds and precipitations by the use of the present radar. The radar echo patterns on the scope are usually smaller than the actual patterns of clouds and precipitations, both in horizontal and in vertical scale.
To determine by radar whether the echoes are due to showers or to thunderstorms has been a subject of investigation at the Meteorological MAN (1957) , N. F. Ko-rov (1958 , 1960 ), P. N. NIKOLAEV (1958 ), V. M. MUCHINIK (1958a , 1958b , V. P. KoLoKoLov (1957) etc, the structures of shower and thunderstorms around Moscow, Leningrard and Kiev in U.S.S.R. are investigated by Soviet radar " Cobalt " and the results are described.
Radar observations of convective clouds
The observations were carried out in the synoptic situation in which the west side of the large Pacific High covered the Kanto District in Japan and the convections were strong on land.
The radar of the Meteorological Research Institute employed in this work, the first meteorological radar manufactured in Japan, has the following characteristics :
Wave length A : 3.2 cm, Peak power F, : 270 kw, Pulse length h : 0.9 ps, Repetition rate : 400 cis, Antenna beam width 6 : 1° The minimum detectable signal is 187 db below the peak power.
The antenna is a metal paraboloid of revolution with diameter 2m, capable of both horizontal and vertical scanning automatically.
It is installed on the roof of an observation hovel, 60 m high above sea level. The indicators consist of 12" PPI, 12" RHI and 7" A--scope.
Continuous observations were carried out with the help of 16 mm-cine or 35 mm still cameras while the convective clouds appeared in summer, 1956 and 1958 . In all cases, the radar was operated on 360-deg. azimuth scan with time-lapse photographs being made with a 35 mm still camera.
The azimuth sweep-speed of the radar antenna was 10 r. p. m.
The scopes of RHI and PPI are unable to operate at the same time, but they can be operated individually.
For this reason, the local position of convective cloud M. Tohsha and I. Ichimura Vol. XII No. 1 echo was detected as shown on PPI-scope for 2 minutes and then RHI-scope was used in order to show its vertical structure.
The echo photographs are presented in Figs. 1 and 2, as examples of typical convective echoes in these periods.
As shown in Fig. 2 , the bright band at the freezing zone in the case of convective clouds is not detected.
This fact shows that the phase transformation in cloud is not established at a thin layer but the mixing of ice particles and water drops exists in the wide vertical zone.
The determination of radar echo height
The heights of radar echoes are observed on the indicator of RHI-scope, and then various corrections must be made on the data read off. In order to simplify the problem on echo height, use was made of radar echoes without intervening cloud echoes. However, the corrections in the following had to be made in the analyses of the radar echo heights.
a) Correction by the beam width of radar
If the upper parts of clouds are completely filled with the radar beam, the value 4HB, that is,
(1)41-1,-R sin E12, must be added to the top level of the echo on the indicator of RHI-scope, where 411, is the correction by beam width of radar, R is the distance between radar antenna and echo source and E is the width of the radar beam.
In Fig. 3 , the height of the echo top on the scope is shown by B, the section of beam is shown by segment CD. LIHB is equal to segment CB.
The extent to which the cloud is illuminated by radar is unknown, and the point B of the echo top corresponds to the practical height of cloud which thkes the -position between C and D, and so we consider, on an average, that the practical height of cloud is shown by B. In addition to this, the radar beam width at the Meteorological Research Institute (M. R. I.) is designed to be as small as 1° (0.017 radian) . Therefore, the correction of beam width has not been needed in our case.
b) Correction of the echo top due to refraction
The refraction of radar waves is caused by the condition of stratification in the atmosphere.
The refractive phenomena in the lower atmosphere are distinguished in the nighttime.
In our observations, the radar echoes in the daytime were observed and investigated, and the atmosphere was usually well mixed and regarded as the standard atmosphere. Therefore, the standard refraction was expected in microwave propagations. In Fig. 4 From (7) and (8) , we get
According to the work of E.M. SAL' MAN (1957) , the variation of cloud reflectivity Z with height is written by where Zmax represents the maximum reflectivity, H is the height over the Zm a x level and the constant r has the value 0.9 km-1 for shower and the value 0.3 km-' for thunderstorm.
Considering that the formula (10) is also established at the upper part of cloud, the relation is formulated, where 4HD is the correction value at the reference distance.
Substituting (11) in (9) , we get the correction formula
In the work of Z. YOSHIHARA (1956) , which explained the characteristics of the M.R.I. radar, the value Z0 is estimated to be about 1 mm6/m3.
One of the characteristic curves of the radar sensitivities is shown in Fig. 5 . Putting into (6) the values of radar parameters described in the previous section, we get the value Kc=4.1 .10-4, where Z is expressed in the units of mm6/m3, R in the units of km.
Therefore, from (8) , the reference distance is estimated as (13) Ro =50 km.
The correction values z1HD for the reference distance both for shower and for thunderstorm are shown in The occurrence frequencies of the supercooled layer H-H0 in cloud are taken at an interval of 500 m and shown in Fig. 6 for shower and thunderstorm. The clouds which do not arrive at zeroisothermal layer are explained by the negative value H-H0. The critical height for the zero-isothermal layer is found to be 2.6km in Fig. 8 . For the temperature of echo top in Fig. 9 , the critical value is -15.6°C. When the echo top is observed by radar and becomes higher than -15.6°C isothermal level, this cloud is judged to be of the thunderstorm type with 90% probability.
When the echo top does not arrive at -15.6°C isothermal level, this cloud is judged to be of the shower type with 90% probability.
The height of -15.6°C isothermal layer in the area included in our observations ranged from 7.5 km to 8.2 km.
In the work of N. F. KOTOV (1960) , this critical temperature is -22.4°C with 93% probability.
The disagreement with our results is explained by the difference of localities and airmasses.
Vertical velocity of air flow in the thunderstorm
The water drops ascending from the condensation level enter the supercooled zone through the zero isothermal layer and then are usually transformed from liquid to solid phase at the freezing level of the temperature below -10°C.
We consider that the freezing of water drops starts from the surface to the center of the drop, and that it is warmer in the center than around the surface. We also apply these considerations to the clouds of Cb type, in which the vertical velocities of air flow are remarkable.
We regard the echo tops as the levels at which the drops in clouds completely finish freezing, and we shall estimate the vertical velocities of air flow in the clouds.
In the work of V.M. MucHINIK (1959) , the heat transfer inside the drop is represented by the equation where r is the radius of the liquid drop core, r0 is the initial radius of drop, p is the density of ice, c is the fusional heat of ice, it is the thermal conductivity of air, T(hi) is the temperature of medium at the height h1 above the freezing level, T is the temperature of the drop surface, f is the wind factor, t is the time and Q0 is the cooling value of the supercooled drop.
Assuming that Q0 is negligibly small in comparison with the freezing heat of water and the heat transfer propagating from the inner part of the drop to the surface is proportional to the thermal gradient of the ice layer, we get where ri is the thermal conductivity of ice, Tr is the temperature at radius r.
Putting (16) into (14) where T0 is the temperature at freezing level of the drop and a is the lapse rate.
Putting (18) and (19) into (17) , we get the differential equation
Integrating the left part of equation (20) from r0 to 0 and the right part from 0 to hm, we get where h7 is the vertical distance from the freezing level to the height at which the particle is perfectly frozen.
The terminal velocity U of the particle with radius r0 in the free atmosphere is approximately given by the expression The radii of drops in which the charge generation occurs are estimated to be of the order of 0.1 cm the work of N. S. SHISHKIN (1954) . The temperature 7; of the transitional zone inside the drop between the liquid and the ice phase is assumed as zero degree. From the general formula (21) , the characteristic velocity V, at T0 isothermal layer is described by the value where r0 is expressed in units of cm. If the regions in which drops with radius r0 have more vertical velocity than 2'1O 1/27,0 exist at T0 isothermal surface, we may consider than thunderstorms take place in these areas.
Conclusion
The present writers considered the difference between shower and thunderstorm, and obtained the vertical velocity in thunderstorm by the height of radar echoes.
The results are summarized in the following : 1) The echo tops above the -15.6°C isothermal layer belong to the thunderstorm type with 90% probability.
2) The echo tops below the -15.6°C isothermal layer belong to the shower type with 90% probability.
3) The height of -15.6°C isothermal layer is between 7.5 km and 8.2 km.
4) The vertical velocities in the thunderstorm are calculated by the echoes and found to be about 2 A/2r, • 103cm/sec-I on the average.
